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ATMOSPHERIC EFFECTS IN ERTS-1 DATA, AND ADVANCED INFORMA- 
TION EXTRACTION TECHNIQUES 
William A. Malila, Richard F. Nalepka, Environmental Research Institute of 
Michigan IERIMIP Ann Arbor, Michigjvn 
ABSTRACT 
Atmospheric effects in satellite multispectral scanner data can 
influence results obtained with either manual image interpretation or 
computer information extraction techniques. 
radiation arriving from the surface and adds an extraneous path 
radiance component. 
effects in ERTS data are presented, 
data and simultaneous airborne MSS underflight data for one frame, 
along with theoretical calculations of atmospheric effects, are 
dis cussed. 
The atmosphere attenuates 
Initial results of an investigation of atmospheric 
Empirical analyses of ERTS MSS 
The effect of limited spatial resolution on the accuracy of 
information extracted from ERTS data also is important. 
occur when individual resolution elements contain two or more materials. 
Results from an initial application of ERIM techniques for estimating 




Very accurate determination of surface areas of small lakes 
INTRODUCTION 
This paper addresses two problems that are common to all users of 
The reported work in the 
ERTS-1 data, namely (1) effects of the atmosphere and (2) the relatively 
coarse spatial resolution of the ERTS MSS. 
first area deals with understanding and verification of atmospheric 
effects in ERTS-1 data while, in the second, it is on an initial appli- 
cation to ERTS data of ERIM processing techniques designed to estimate 
proportions of unresolved objects in individual resolution elements. 
The work is part of ERTS investigation MMC-136, entitled, Image 
Enhancement and Advanced Information Extraction Techniques. 
ATMOSPHERIC EFFECTS 
By now, all ERTS investigators must be aware of the strong 
influence of the atmosphere on ERTS data. 
contrasts in ERTS Band 4 images, as compared to those in ERTS Band 5, 
*Formerly Willow Run Laboratories of The University of Michigan 
For example, the lesser 
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are i n  p a r t  due t o  t h e  g r e a t e r  inf luence of t h e  atmosphere i n  t h e  
s h o r t e r  wavelength channel. Differences i n  atmospheric conditions 
within a given frame o r  between frames can change t h e  spectrum of 
received radiances,  thereby hampering image-interpretation e f f o r t s  
and degrading recogni t ion processing and o ther  information e x t r a c t i o n  
with computers. 
The major components of t h e  radiance,  L, received by a scanner 
are shown i n  t h e  following s implif ied equation: L = ET + L where 
p i s  t h e  d i f f u s e  t a r g e t  re f lec tance ,  E is  t h e  t o t a l  ( d i r e c t  p lus  
d i f f u s e )  s o l a r  i r rad iance  on t h e  t a r g e t ,  T is t h e  t ransmit tance of t h e  
atmosphere, and L i s  t h e  path radiance (i.e., extraneous r a d i a t i o n  
t h a t  does not  emanate d i r e c t l y  from t h e  sur face  element under observa- 
t ion) .  A l l  these  q u a n t i t i e s  depend on wavelength, viewing and i r r a d i a -  
t i o n  geometries, and atmospheric state. Both t h e o r e t i c a l  ca lcu la t ions  
and empir ical  s t u d i e s  with ERTS and underf l ight  a i r c r a f t  d a t a  have been 
c a r r i e d  out i n  a preliminary fashion f o r  one ERTS frame (1033-15580, 
25 Aug 72). 
P 
P 
Theoret ical  Calculat ions 
* 
A r a d i a t i v e  t r a n s f e r  model developed by D r .  R.E. Turner of E R I M  
w a s  used t o  compute t h e  magnitude of atmospheric e f f e c t s  f o r  a v a r i e t y  
of conditions and t o  pred ic t  v a r i a t i o n s  t h a t  depend on several d i f f e r e n t  
parameters. Fig. 1 i l l u s t r a t e s  t h e  dependence of s p e c t r a l  path radiance 
on wavelength f o r  a r e l a t i v e l y  c l e a r  condition (ground v i s u a l  range, 
V = 24 km) and f o r  a hazy condition (V = 6 . 4  km). Three observations 
can be made: (1) t h e  amount of path radiance c l e a r l y  increases  as one 
approaches shor te r  wavelengths, ( 2 )  t h e r e  i s  a s t rong dependence of 
path radiance on t h e  albedo of t h e  background surrounding t h e  t a r g e t ,  
and (3) t h e  path radiance i s  g r e a t e r  f o r  t h e  low-vis ib i l i ty  case. 
Nadir scan angle  i s  another observation parameter. Large "scan- 
angle e f fec ts"  of ten  have been observed i n  a i rborne MSS da ta ,  where scan 
angles much l a r g e r  than t h e  + 6 O  of ERTS are employed. These e f f e c t s  
have both atmospheric and surzace b i d i r e c t i o n a l  re f lec tance  causes. 
One would not  necessar i ly  expect t o  f i n d  them of s ign i f icance  i n  ERTS 
data ,  but  Fig. 2 presents  computed t o t a l  radiance v a r i a t i o n s ,  f o r  t h e  
atmosphere alone, t h a t  are as much as 8% of t h e  minimum value f o r  an 
8% d i f f u s e  r e f l e c t o r  observed through a clear atmosphFre at  0.55 um'. 
Percentage v a r i a t i o n s  i n  pa th  radiance are w e n  g r e a t e r  f o r  t h e  back- 
ground albedoes shown. 
longer wavelengths and, here ,  are negl ig ib le  a t  0.95 urn. 
The scan-angle v a r i a t i o n s  are reduced f o r  
*"Importance of Atmospheric Sca t te r ing  i n  Remote Sensing", by R. 
Turner, W. Malila, & R. Nalepka, Proc. of 7 th  I n t e r n a t ' l  Symp. on 
Remote Sensing of Envir.,  Willow Run Labs, The Univ. of Mich., Ann 
Arbor, 1971. 
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There is, however, s t i l l  an appreciable amount of path radiance a t  
0.95 vm, as shown i n  Fig. 3 f o r  a 32% ref lec tor .  This f igure i l lus- 
trates d i r ec t ly  t h e  dependence of t he  t o t a l  and path radiances on 
v isua l  range (visual  range is used as a convenient method fo r  identify- 
ing standard atmospheric aerosol p ro f i l e s  used i n  the  calculations,  
more exact p ro f i l e s  can be used, i f  known). Note t h a t  here the  t o t a l  
radiance received from t h e  ta rge t  i n  a dark background decreases with 
increasing haze (shorter V) while it increases f o r  a br ight  one. 
Fig. 4 presents t he  combined e f f e c t s  of scan angle and v isua l  range 
on spectral radiances at  0.55 vm f o r  8% targe t  and background ref lec-  
tances. 
c lear ly  shown, and path radiance is a la rge  f rac t ion  of the  t o t a l .  
* The increase of scan angle e f f ec t s  f o r  lower v isua l  ranges is 
B p i r i c a l  Studies 
The ERIM mult ispectral  scanner w a s  flown on a series of multi- 
a l t i t u d e  passes i n  synchronism with the  ERTS-1 pass on Aug. 25th. 
Reflectance panels were placed on the  f l i g h t  l ine .  Airborne s igna ls  
from la rge  f i e lds ,  resolvable i n  ERTS data ,  were. compared t o  signals 
from the  ref lectance panels and equivalent ref lectance values were 
assigned t o  these f i e l d s ,  cal led secondary standr--.?s. Average values 
then were extracted from ERTS data  f o r  each of &e secondary standards 
the  converted t o  radiances. (The maximum radiance values l i s t e d  i n  
Table 6.2-2, pg. 6.14, of the  ERTS Data Users Handbook w e r e  assigned 
t o  tape leve ls  127, 127, 127,  and 63 f o r  ERTS Bands 4, 5,  6, and 7, 
respectively. ) 
Figs. 5-8 present p lo t s  of ERTS radiance versus ta rge t  ref lectance 
for  t he  four ERTS bands. The dashed l i n e s  are least-squares f i t s  t o  
the  values obtained f o r  t he  secondary standards. 
are t r i o s  of l i n e s  tha t  represent approximate calculations made with 
the rad ia t ive  t r ans fe r  model f o r  d i f fe ren t  background albedoes. 
Also on t h e  f igures  
The slopes of the  theore t ica l  l i n e s  and t h e  empirical f i t s  agree 
w e l l ,  but the  magnitudes d i f f e r  i n  Bands 4 and 5 f o r  reasonable back- 
ground albedoes, especial ly  f o r  Band 4. The reason(s) fo r  these 
differences is not known a t  t h i s  t i m e ,  but there  are several  possibil-  
ities: (1) The theore t ica l  radiance values were obtained by merely 
multiplying band-center spec t ra l  radiances by f ac to r s  of 0.1, 0.1, 
0.1, and 0.3 t o  approximate t h e  ERTS spec t ra l  bandwidths; more complete 
and accurate calculatlions are desirable.  (2) The ref lectances assigned 
t o  the  secondary standards f o r  t he  empirical p lo t s  appear t o  be too 
low; higher values would improve agreement. 
e r ror ,  although checks elsewhere of sky radiance predictions have shown 
good agreement with measurements and with exact calculat ions f o r  a pure 
Rayleigh atmosphere. 
t ions  might not accurately represent t h e  t r u e  condition a t  t h e  test 
site. 
(3) The model might be i n  
(4) The atmospheric p r o f i l e  used i n  t h e  calcula- 
(5) It i s  possible  tha t  t he  ERTS cal ibrat ions are biased or  w e  
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have misinterpreted the ca l ibra t ion  procedures. 
problem is required but,  nevertheless, the  strong influence of the 
atmosphere on ERTS da ta  has been shown. 
Further study of t h i s  
PROPORTION ESTIMATION 
A second aspect of ERTS invest igat ion MMC-136 is t e s t ing  the 
appl icabi l i ty  of advanced information extract ion techniques t o  ERTS-1 
MSS data. (These techniques have been developed at  ERIM with funding 
provided by the  Supporting Research and Technology program of NASA-JSC.) 
One technique addresses problems associated with accurately determining 
areas covered by features  i n  the  scene using scanners with l imited 
s p a t i a l  resolution, l i k e  ERTS-1 MSS. Clearly, there  is  a ser ious 
problem f o r  features  smaller than the  instantaneous f i e l d  of view of 
che scanner. 
many of t he  ERTS MSS pixe ls  overlap the  boundaries between these and 
adjoining features.  A s  a r e su l t ,  the  radiat ion represented i n  those 
p ixe ls  is  a mixture of radiat ion ref lected from two o r  more materials. 
Since the s igna ls  generated i n  such pixels  are not charac te r i s t ic  of 
any one material, the pixel8 w i l l  generally be improperly c lass i f ied .  
Therefore, t he  area assigned t o  each material class could ser iously be 
i n  error.  For example, a t  least 25% of the  p ixe ls  covering a square 
f i e l d  of 50 acres (20 hectares) w i l l  overlap its boundaries. 
In  addition, problems ex i s t  even f o r  la rger  fea tures  s ince  
* 
A t  ERIM w e  have developed a data  processing technique t o  estimate 
the  proportions of materials contained within each pgxel, by taking 
advantage of t h e  f ac t  t ha t  information i s  gathered i n  several  spec t ra l  
bands. This permits a more accurate determination of t h e  area covered 
by each material; the greater  t h e  number of Spectral  bands used, the  
more materials can be considered. W e  next describe and evaluate t h e  
r e s u l t s  of an i n i t i a l  test of t h i s  technique on ERTS-1 MSS data. 
' 
T e s t  Results 
For t h i s  test, w e  selected fo r  processing a portion of ERTS data  
gathered over Southwestern Michigan on Aug. 25th. A black-and-white 
aerial photograph of t h i s  s i te  is  shown i n  Fig. 9. 
of t h i s ' s i t e  are a number of lakes and ponds of various s i z e  surrounded 
by trees and agr icu l tura l  f i e l d s ,  many of them bare soil. 
The primary features  
The goal of t h i s  experiment w a s  t o  determine the  surface area of 
t he  l$es and ponds. For purposes of comparison, the da ta  were 
processed using a conventiopal recognition algorithm i n  addition t o  the  
propgrtion estimation algorithm. ' 
*"Estimating the  Proportions Within a Single Resolution Element of a 
Multispectral  Scanner", by H. Horwitz, R. Nalepka, & J. Morgenstern, 
Proc. pf  7th In t e rna t ' l  Symp. on Remote Sensing of Environ., W i l l o w  Run 
L & s . ,  The Univ. of Mich., Ann Arbor, 1971. 
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I n i t i a l l y ,  a number of p i x e l s  containing pure samples of each of 
t h e  primary scene components (water, trees, and s o i l )  were ex t rac ted  
t o  e s t a b l i s h  t r a i n i n g  s igna tures  f o r  each of these  materials. 
s igna tures  were employed by both algorithms and ERTS Bands 4, 5, and 7 
w e r e  used because of problems i n  Band 6 d a t a  f o r  t h i s  frame. 
For t h e  conventional recogni t ion algorithm, each p i x e l  w a s  assigned 
t o  one and only one class. 
Fig. 10; t h e  r e j e c t i o n  threshold w a s  set so t h a t  99.9% of p i x e l s  
character ized by t h e  s igna tures  would be recognized. 
lakes  were i d e n t i f i e d ,  with a t o t a l  area of 451,900 m2 where an area of 
4503 m2 (79 m x 57 m) w a s  assigned t o  each pixel .  
d a t a  set and generated t h e  l a k e  recogni t ion map shown i n  Fig. 11. I n  
t h i s  mBp, t h e  dens i ty  of each symbol is proport ional  t o  t h e  estimated 
proport ion of water f o r  t h a t  pixel .  It is  clear on comparing t h i s  map 
with t h e  aerial photo t h a t  t h e  shapes of t h e  lakes  are more accurately 
reproduced. Furthermore, even small lakes  and ponds are detected,  f o r  
a t o t a l  of 19. 
proportions,  t h e  exact proport ions of w a t e r  i n  each p i x e l  were l i s t e d .  
It w a s  determined, upon examining t h e  r e s u l t s ,  t h a t  po in ts  containing 
small percentages of water should b e  ignored t o  e l imina te  f a l s e  detec- 
t ions .  
965,800 m2. 
area of t h e  water bodies i n  t h e  scene. 
f o r  20 lakes  and ponds. 
H e r e  w e  see t h a t  
t h e  proportion est imat ion technique provided s i g n i f i c a n t l y  more accura te  
r e s u l t s  than those  a v a i l a b l e  using t h e  conventional processing technique. 
The same 
The r e s u l t i n g  recogni t ion map is shown i n  
Port ions of eleven 
W e  then appl ied t h e  proportion est imat ion algorithm t o  t h e  same 
I n  addi t ion  t o  t h e  map, which only i l l u s t r a t e s  ranges of 
From t h e  l i s t i n g  w e  determined t h a t  t h e  t o t a l  l ake  area w a s  
F ina l ly  w e  used t h e  aerial photo t o  determine t h e  number and a c t u a l  
The t o t a l  area w a s  1,004,000 m2 
In Fig. 12  w e  present  t h e  r e s u l t s  f o r  comparison. 
CONCLUSIONS 
The s t rong inf luence  of atmospheric e f f e c t s  in  ERTS d a t a  has  been 
Although w e  have not  y e t  d i r e c t l y  assessed t h e  inf luence of 
Variat ions i n  atmospheric and scene 
shown. 
t h e s e  e f f e c t s ,  we be l ieve  t h a t  they can degrade t h e  q u a l i t y  of informa- 
ion  ex t rac ted  from ERTS data.  
arameters, both within and between frames, w i l l  b e  important. Tech- 
niques f o r  reducing t h e  inf luence of t h e s e  e f f e c t s  are being investiga- 
ted.  
ex t rac ted  from ERTS-1 d a t a  by use  of an advanced information e x t r a c t i o n  
technique. 
test site, t h e  55% e r r o r  of conventional recogni t ion techniques w a s  
reduced t o  3% with proport ion est imat ion techniques. While t h e  magni- 
tude of improvement shown here  might not be general ly  achievable w i t h -  
ou t  f u r t h e r  development, t h i s  technique is c e r t a i n  t o  b e  usefu l  f o r  
inves t iga t ions  i n  many d isc ip l ines .  
It has been demonstrated t h a t  highly accura te  area estimates can b e  
For t h e  i d e n t i f i c a t i o n  of areas of lakes  and ponds i n  t h e  
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